
Traditionally in Finland windstorms and snow loads have been the principal causes 
of failures in electricity distribution networks. Based on the detailed fault analysis of 
a power distribution we find that winter conditions do not seem to cause more cost 
than adverse weather in summer. Fault duration seems to be the critical factor in win-
ter, whereas the number of faults per event is the prime factor in summer.
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Resiliency challenges in an electric-
ity network. A significant part of the 
Finnish medium-voltage and low-volt-
age electricity distribution network 
outside built-up areas consists of 
overhead lines, which are prone to 
failures due to various hazardous 
weather conditions, such as wind-
storms, heavy snow loads, and light-
ning. In most cases, the eventual fault 
is caused by falling trees (or large 
branches) (Campbell, 2012). In the 
background can play complex inter-
actions, which can either moderate or 
aggravate the fault risk level (see next 
section). Climate change has been re-
garded as having the potential of in-
creasing the number of failures in the 
power network, e.g. owing to retreat 
in ground frost and occasionally larg-
er snow loads (Haakana et al. 2023, 
Perrels et al. 2022).

In the Nordic collaborative study 
on climate changed induced risks of 
natural hazards for linear infrastruc-
ture (NordicLink) FMI focuses on a 
study of the underlying factors of 
faults in power lines owing to adverse 
weather conditions, and also assesses 
the sensitivity of costs to hazard char-
acteristics and to response approach-
es. FMI cooperates with the electricity 
network company Järvi-Suomen En-
ergia (JSE; a subsidiary of Suur-Savon 

Sähkö). We show a few main charac-
teristics of the occurrence of power 
line failures, and subsequently discuss 
underlying factors for costs of power 
line disruptions.

Occurrence of failures. FMI ob-
tained detailed powerline fault data, 
fault cost data, and network location 
data for the years 2015–2022 from 
JSE. These data were combined with 
weather observation data for the same 
area (South Savo), as well as with 
land-use and vegetation data from 
the same area. Figure 1 represents 
the distribution of power grid failures 

over the months in the JSE network. 
The failures are divided by their cause, 
of which wind- (56 %) and snow-re-
lated causes (34 %) dominate the sta-
tistics. Lightning caused around 6 % 
and other weather events 4 % of all 
failures. The large number of failures 
in January relates to snow loads, often 
combined with strong winds. In the 
period 2015–2022 there were several 
significant snow load events in Janu-
ary. The peak in June is mainly caused 
by windstorms. Presumably, the ab-
sence of frozen soil and achievement 
of full foliage in June contributes to 

Are natural hazard-induced costs of power 
line failures inevitable?

FIG 1: The number of power grid failures by month in the JSE network (2015–
2022). The colors represent the cause of the power grid failure classified by 
the repairing engineers of JSE.
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the more dominant position of strong 
wind as a hazard factor. Effects of 
snow loads may culminate with delay 
into (partial) tree collapse, sometimes 
assisted by strong winds, hence cause 
attribution to snow load during the 
summer months (Fig. 1) is not an error. 
The monthly pattern of faults for the 
period 2015–2022 for the JSE service 
area differs from the national pattern 
(Haakana et al. 2023) with the latter 
having highest scores in the period 
November – January and elevated lev-
els in period June – August. It is not 
directly clear what are the causes for 
the differences. The fairly short peri-
od (2015–2022) may also mean that it 
just happens to differ more over these 
particular years, but may not so much 
for a longer period.

In addition to the prime causes 
of strong winds and snow loads var-
ious other factors can significantly 
affect fault occurrence in overhead 
lines, such as the extent of frost in 
the ground (December – March), av-
erage tree height in the vicinity of the 
power lines, and cumulated damage 
prior to an extreme weather event. 
The implication is that a time series of 
weather-related power line fault char-
acteristics in terms of fault duration 
and number of affected customers 
seem quite erratic. So, having some 
understanding of drivers of merely 
fault occurrence as such, may not be 
sufficient to understand the resulting 
cost patterns. An additional factor is 
the strategy of JSE and other Finn-
ish power distribution companies to 
change a part of the overhead cables 
into underground cables. So far the 
growth in underground cabling by 
JSE since 2015 does not seem to show 
in the annual fault data (Fig. 2).

Cost patterns of failures. Figure 3 
summarizes the annual cost owing to 
weather-related faults incurred by JSE 
from 2007 to 2021. For interruptions 
lasting longer than 12 hours clients 
are entitled to compensation, with the 
level of compensation depending on 
the duration class (12–24h; 24–72h; 
72–120h; 120h or more) and annual 

electricity consumption. In addition, 
an electricity company incurs cost of 
repair. By increasing the repair effort 
compensation cost can be reduced to 
some extent, if this leads to shorter 
disconnect times. The challenge is to 
plan this carefully, inter alia by using 
detailed short term weather forecasts 
and nowcasting. When comparing fig-
ures 2 and 3 it gets obvious that the 
correlation between annual number 
of faults and the costs of repair and 
compensation is not very strong.

Not only the total costs vary signif-
icantly from year to year, but also the 
share of compensation cost in the to-
tal cost varies considerably over time. 

Next to cost of the electricity distribu-
tion company also the customers in-
cur cost, which are partly neutralized 
by the compensation received from 
the distribution company. In contrast 
to the distribution company custom-
ers incur also non-monetary cost (i.e. 
welfare cost). The customers’ welfare 
costs of non-delivered electricity are 
notable (e.g. Nurmi et al. 2019), but 
are not directly comparable to the 
monetary cost presented here. The 
NordicLink project does distinguish 
between these cost notions, but its 
discussion goes beyond the scope of 
this article.

The assessment of the disruption 

FIG 2: Annual volume of weather induced faults by cause 2015–2022 (source: 
JSE fault statistics; legend as in figure 1).

FIG 3: Annual cost of power line disruptions for regional electricity company 
(JSE) Source: company’s fault database.
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risks in the NordicLink project follows 
a two-tier approach. First, we analyse 
the relation between the number and 
duration of faults by means of meteor-
ological, environmental, and land use 
data. Subsequently, we analyse the re-
lation between the duration and num-
ber of faults per event and the result-
ing costs, distinguished by repair costs 
and compensations to customers. In 
this respect it is important to under-
stand how the sum of the durations 
of faults (disconnections) by weather 
event develops in relation to the num-
ber of faults per weather event, while 
distinguishing by cause (strong wind 
or snow load) and by season (winter 
or summer). Figure 4 presents the 
relationship between these variables 
(both in logarithmic form; for wind-
storms). Over the period 2015–2022 
the total fault duration per windstorm 
seems to be almost equally sensitive 
to the number of faults in winter and 
summer. The graph for snow loads 
(not shown) is quite similar. Inter-
estingly, the largest spread in dura-
tions is found for medium to smaller 
events (1.5 corresponds to 32 faults 
in one event). During holiday periods 
staff availability may be limited and 
hence durations may sometimes turn 
out to be higher than expected. The 
graph also suggests that for very se-

rious events (> 100 faults) the pace of 
growth of duration may increase, Yet, 
the number of observations is too low 
to confirm that.

The analyses are not yet complet-
ed, but the findings so far indicate 
that it is hard to reduce the costs of 
weather induced faults substantial-
ly, unless one is prepared to invest 
massively in prevention. It remains 
to be seen whether that would pay 
off at macro-economic level, though 

it might be justifiable on the base of 
welfare cost. Nonetheless, moderate 
improvements in operational prepar-
edness and repair planning could pro-
duce some savings.
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FIG 4: Scatterplot of number of faults per case (logN) by duration sum per case 
(logDS) for summer (orange) and winter (blue) for wind storms 2015–2022; cen-
sored for less than 5 faults per event (log(5)≈0.7); summer = May – October, winter 
= November – April; source: company’s fault database and own analysis.
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